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WAFER LEVEL TESTING AND BUMPING PROCESS 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application claims the priority benefit of Taiwan application serial no. 

92103361, filed February 19, 2003. 

BACKGROUND OF THE INVENTION 

Field of Invention 

10 [0001] The present invention relates to a testing and packaging process. More 

particularly, the present invention relates to a wafer level testing and bumping process. 

Description of Related Art 

[0002] Following the rapid development of semiconductor fabrication techniques, 

15 advanced and precise semiconductor devices are now being produced to meet the increased 
demand in many electronic products. In general, for the fabrication of semiconductors and 
the subsequent package/test, a front stage fabrication process is carried out after the design of 
the integrated circuit (IC). The front stage fabrication process includes fabricating integrated 
circuits on a wafer followed by testing the circuits. After sawing the wafer into individual 
20 chips, a wire bonding or a flip-chip bonding process is usually carried out to connect bonding 
pads on the active surface of the chip with contact pads on a carrier. The carrier is a substrate 
or a lead frame, for example. Using a flip-chip package as an example, a plurality of bonding 
pads is formed on the active surface of the chip prior to attaching a bump to each bonding pad. 
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Hence, the bonding pads on the active surface of the chip are electrically and mechanically 
connected to contact pads on the substrate through the bumps. In other words, electrical 
signals can be transmitted from the chip to an external electronic device and vice versa 
through the carrier. 

[0003] Fig. 1A is a top view showing the layout on the active surface of a 

conventional wafer. Fig. IB is a cross-sectional view along line I-I of Fig. 1A. Fig. 1C is a 
cross-sectional view along line II-II of Fig. 1 A. As shown in Figs. 1A and IB, the wafer 100 
has an active surface 102. Typically, the active surface 102 refers to an area on the wafer 100 
where active devices 104 are formed. The active devices 104 connect with each other as well 
as flip-chip bonding pads 108 through metallic interconnects 106. According to the actual 
electrical function, the flip-chip bonding pads 108 can be subdivided into signaling contacts, 
power source contacts or ground contacts. Using a flip-chip bonding wafer 100 as an 
example, a passivation layer 1 10 is usually formed over the active surface 102 of the wafer 
100 before performing the bumping process. The passivation layer 1 10 covers fuse lines 112 
and fuse windows 1 14 but exposes the flip-chip bonding pads 108. The bumps 120 are 
formed over the respective flip-chip bonding pads 108 for connecting electrically with the 
contacts on an external electronic device (not shown). 

[0004] To test the integrated circuits within the wafer 1 00, the flip-chip bonding pads 

108 or the bumps 120 on the active surface 102 are used as testing points after the metallic 
interconnects 106 inside the wafer 100 are formed as shown in Fig. IB. Note that a vertical 
probe card 10 with an array of probe pins 12 that correspond in positions with the top ends of 
the bumps 120 is used to test the wafer 100 so that any problems within the wafer 100 can be 
found through a circuit analysis. 
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[0005] After performing a detailed analysis of the internal circuits inside the wafer 

100, the mal-functioning portion of the integrated circuit can be repaired by cutting a 
corresponding fuse line 112 using a laser beam and replacing the defective circuit with a 
backup circuit as shown in Fig. 1C. Thus, a conventional wafer 100 is usually designed with 
5 a few backup circuits and fuse lines 112. The fuse windows 1 14 is a special design for 
decreasing the thickness of the section on top of the fuse line 1 12 so that the cutting of the 
fuse lines 1 12 and the replacement of the defective circuit with a backup circuit is facilitated. 
Note that thickness of the structure on top of the fuse line 1 12 must be reduced to facilitate 
the passage of a laser beam to the fuse line 112 and repair the defective circuit. Thus, a 

10 portion of the passivation layer 1 10 can be removed prior to repairing the defective circuit so 
that the fuse window 1 14 is exposed and thickness of the structure above the fuse line 1 12 is 
reduced. Thereafter, a laser beam is aimed to cut out the fuse line 1 12 and then another 
passivation layer 1 10a is formed to cover the aforementioned fuse window 1 14. However, in 
the process of repairing the defective circuit, holes for exposing the fuse windows 1 14 must 

15 be opened up in the passivation layer 1 10a anew so that thickness of the local structure above 
the fuse line 1 12 is again reduced. Hence, the process cycle for testing and packaging the 
wafer 100 is longer. 

[0006] Fig. 2 is a flow chart showing the steps in a conventional method of testing 

and packaging a wafer. As shown in Figs. IB, 1C and 2, a plurality of flip-chip bonding pads 
20 108 are formed on the active surface 102 of the wafer 100 in step SI 1. Thereafter, in step S12, 
at least one fuse window 1 14 is formed on the active surface 102 of the wafer 100. In step 
SI 3, a passivation layer 1 10 is formed over the active surface 102 of the wafer 100. The 
passivation layer 1 10 exposes the flip-chip bonding pads 108. In step SI 4, a bumping 
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process is carried out to form a bump 1 20 on each flip-chip bonding pad 108. In step S 1 5, the 
wafer 100 is electrically tested using the bumps 120 as test points. In step SI 6, a portion of 
the passivation layer 1 10 is removed to expose the fuse window 1 14 and hence relative 
thickness of the structure above the fuse line 1 12 is reduced. In step SI 7, a laser beam is 
5 deployed to cut the fuse line 1 12. In step S18, a dielectric material is deposited to fill the fuse 
window 1 14. Note that the fuse window 1 14 exposed after locally removing a portion of 
passivation layer 1 10 must be refilled afterwards. Therefore, the number of processing steps 
is increased resulting in an extension of the production cycle and an increase in the 
production cost. 

10 [0007] Furthermore, as shown in Fig. IB, the average deviation of the bumps 120 

from a coplanar surface after a reflow process is about 50jim. Thus, to ensure a clear and 
accurate testing, the force acting on the vertical probe card 10 must be increased so that 
sufficient pressure is produced to make the tips of all probe pins 12 have contact with the 
bumps 120. However, excessive pressure on the probe pin 12 on the probe card 10 will lead 

15 to over-travel, a phenomena that will damage the internal circuit of the wafer 100 and, in 
some cases, lead to a mal-functioning of the wafer 100. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, one object of the present invention is to provide a wafer level 

20 testing and bumping process having fewer steps, a shorter processing cycle and a lower 
production cost. 

[0009] A second object of this invention is to provide a wafer structure having a 

plurality of test pads thereon. By bringing the tips of probe pins into contact with the test 
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pads on the active surface of a wafer, integrated circuits within the wafer can be tested 
electrically. Since the probe pins press against the test pads instead of the bonding pads on 
the wafer, damages to internal circuits due to pressure applied to the probe pins are greatly 
minimized. 

5 [0010] To achieve these and other advantages and in accordance with the purpose of 

the invention, as embodied and broadly described herein, the invention provides a wafer level 
testing and bumping process. The wafer comprises at least a fuse line buried within the wafer. 
The wafer also has an active surface. The wafer level testing and bumping process includes 
at least the following steps: (a) forming at least a flip-chip bonding pad as well as a test pad 

10 on the active surface such that the test pad is located at the periphery of the active surface but 
is electrically connected to the flip-chip bonding pad; (b) forming at least a fuse window on 
the active surface such that the fuse window is at a level below the active surface for 
decreasing the thickness of the section between the fuse line and the active surface; (c) 
performing an electrical testing of the wafer through the test pad to produce some test results; 

15 (d) according to the test results, determining whether to cut the fuse line through the fuse 

window or not; (e) forming a patterned passivation layer over the active surface of the wafer 
such that the passivation layer fills up the fuse window and covers the test pad but exposes 
the flip-chip bonding pad; and (f) attaching a bump to the flip-chip bonding pad. 
[001 1] According to one embodiment of this invention, the aforementioned step (c) 

20 furthermore includes at least touching the test pad using the tip of a probe pin mounted on a 
cantilever probe card so that the probe pin is electrically connected to the circuit within the 
wafer. In addition, the wafer furthermore has a trace line on the active surface for connecting 
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the test pad with a flip-chip bonding pad and that the patterned passivation layer also covers 
the trace line in step (e). 

[0012] This invention also provides a chip structure with a plurality of test pads 

thereon. The chip structure comprises a chip and a passivation layer. The chip has an active 

5 surface, a flip-chip bonding pad and a test pad. Both the flip-chip bonding pad and the test 
pad are formed on the active surface of the chip. The test pad is positioned at a peripheral 
section of the active surface and is electrically connected to the flip-chip bonding pad. The 
passivation layer covers the active surface but exposes the flip-chip bonding pad. 
[0013] According to one embodiment of this invention, the aforementioned chip 

10 furthermore includes at least a fuse line buried within the chip. The chip has at least a fuse 
window at a level below the active surface for decreasing the thickness of the section 
between the fuse line and the active surface. The passivation layer fills up the fuse window. 
In addition, the chip has at least a trace line on the active surface for connecting the test pad to 
the flip-chip bonding pad electrically. The passivation layer also covers the trace line. 

15 [0014] In this invention, both flip-chip bonding pads and test pads are formed on the 

active surface of a chip so that the tips of probe pins are electrically connected to the test pads 
for testing the chip electrically. This prevents the tips of probe pins from crushing the 
integrated circuits embedded inside the chip due to the possible application of excessive 
pressure. Furthermore, after finding any defective circuits in an electrical test of the chip, the 

20 defective circuits can be replaced by cutting the fuse line using a laser beam aiming at the 
fuse window. After that, a passivation layer and bumps are formed on the chip. Hence, this 
invention reduces the number of steps required to perform the wafer level testing and to 
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fabricate the bumping process , thereby shortening the production cycle and lowering the 
production cost. 

[0015] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further explanation 
5 of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings are included to provide a further understanding of the 
invention, and are incorporated in and constitute a part of this specification. The drawings 
10 illustrate embodiments of the invention and, together with the description, serve to explain 
the principles of the invention. In the drawings, 

[0016] Fig. 1A is a top view showing the layout on the active surface of a 

conventional wafer. 

[0017] Fig. IB is a cross-sectional view along line I-I of Fig. 1A. 

15 [0018] Fig. 1C is a cross-sectional view along line II-II of Fig. 1A. 

[0019] Fig. 2 is a flow chart showing the steps in a conventional method of testing 

and packaging a wafer. 

[0020] Fig. 3 A is a top view showing the layout of test pads on a wafer (or a chip) to 

serve as testing points according to one preferred embodiment of this invention. 
20 [0021] Fig. 3B is a cross-sectional view along line I-I of Fig. 3 A. 

[0022] Figs. 4A to 4C are schematic cross-sectional views showing the steps for 

performing wafer level testing and bumping process according to one preferred embodiment 
of this invention. 
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[0023] Fig. 5 is a flow chart showing the steps for carrying out the wafer level testing 

and the bumping process according to one preferred embodiment of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 [0024] Reference will now be made in detail to the present preferred embodiments of 

the invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to refer to 
the same or like parts. 

[0025] Fig. 3 A is a top view showing the layout of test pads on a wafer (or a chip) to 

10 serve as testing points according to one preferred embodiment of this invention. Fig. 3B is a 
cross-sectional view along line I-I of Fig. 3 A. As shown in Fig. 3 A, a wafer 200 having an 
active surface 202 is provided. The active surface 202 has a plurality of flip-chip bonding 
pads 208 and a plurality of test pads 208a thereon. Each flip-chip bonding pad 208 is 
electrically connected to a test pad 208a through a trace line 209, for example. The flip-chip 
15 bonding pads 208 are electrically connected to active devices 204 through various metallic 
interconnects 206. Note that the test pads 208a are positioned on the periphery of the active 
surface 202 and that the test pads 208a and the flip-chip bonding pads 208 are fabricated 
together. The test pads 208a serve as test points for testing the wafer 200 electrically. In 
general, each test pad 208a occupies an area smaller than the flip-chip bonding pad 208. 
20 Furthermore, the wafer 200 may include a few buried fuse lines 212, fuse windows 2 14 and 
backup circuits (not shown) for repairing any defective integrated circuits found inside the 
wafer 200. The fuse lines 212 and the backup circuits are formed in the process of fabricating 
the integrated circuits (including the active devices 204 and the metallic interconnects 206) 
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on the active surface 202 of the wafer 200. The fuse windows 2 14 are located in areas having 
an upper surface at a level below the active surface 202 of the wafer 200 for decreasing the 
thickness between the fuse line 212 and the top of the active surface 202. Thus, if a failed 
circuit is found after performing a wafer level testing, a laser beam penetrating the fuse 
5 window 214 can be deployed to cut out a particular fuse line 212 so that the defective circuit 
is replaced by a backup circuit. 

[0026] Figs. 4A to 4C are schematic cross-sectional views showing the steps for 

performing a wafer level testing and bumping process according to one preferred 
embodiment of this invention. As shown in Fig. 4A, the test for checking the integrated 

10 circuits within the wafer 200 is still carried out before bumps are formed on the flip-chip 

bonding pads 208. Instead of contacting the flip-chip bonding pads 208, the tip of probe pins 
22 (only two probe pins are shown) attached to a cantilever probe card 20 is in contact with 
the test pads 208a on the active surface 202 of the wafer 200. Since the test pads 208a are 
electrically connected to various flip-chip bonding pads 208 through trace lines 209 as shown 

1 5 in Fig. 3 A, the test pads 208a can serve as a test point for testing and detecting any problem in 
the integrated circuit within the wafer 200. Note that all the test pads 208a are located on the 
peripheral section of the active surface 202 of a chip (that portion of the wafer 200 after 
singulation) and that the probe pins 22 on the cantilever probe card 20 contact the test pads 
208a elastically. Hence, the degree of co-planarity of the probe pins 22 hanging from the 

20 cantilever probe card 20 need not be too high. Nevertheless, all the probe pins 22 must be in 
contact with their respective test pads 208a on the active surface 202 of the wafer 200. To 
ensure contact with the test pads 208a, the cantilever probe card 20 can be adjusted so that the 
tip of the probe pins 22 presses against the test pads 208 with some over-travel. Because the 
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test pads 208a serve only as testing points for carrying out an electrical testing, any damages 
(or scratches) to the surface will not affect subsequent attachment of the bumps 220 to the 
flip-chip bonding pads 208 as in Fig. 4C. 

[0027] As shown in Fig. 4B, the fuse lines 212 are buried within the wafer 200 

5 underneath the fuse window 2 14 on the active surface 202. Hence, if an integrated circuit 
within the wafer 200 is found to be defective after a wafer test, a particular fuse line 212 can 
be cut by aiming a laser beam 30 through a fuse window 214 so that the defective integrated 
circuit is replaced by a backup circuit. 

[0028] As shown in Fig. 4C, a patterned passivation layer 210 is formed over the 

10 active surface 202 of the wafer 200 after all defective integrated circuits within the wafer 200 

are repaired. Note that the passivation layer 210 covers the fuse windows 214, the test pads 

208a and the trace lines 209 but exposes the flip-chip bonding pads 208. Thereafter, a 

bumping process is performed to attach a bump 220 to each flip-chip bonding pad 208. 

When the bump 220 is fabricated using a solder material, the bumps 220 will transform into a 
15 spherical ball after a reflow operation. Furthermore, the wafer 200 can be cut into a plurality 

of chips (not shown) to facilitate subsequent packaging processes either before or after the 

bumping process. 

[0029] Fig. 5 is a flow chart showing the steps for carrying out the wafer level testing 

and the bumping process according to one preferred embodiment of this invention. As 
20 shown in Figs. 4A to 4C and Fig. 5, the wafer level testing and bumping process involves the 
following steps. First, in step S21, flip-chip bonding pads and test pads 208a are formed on 
the active surface 202 of the wafer 200. Each flip-chip bonding pad 208 is electrically 
connected to one of the test pad 208a. In step S22, at least a fuse window 214 is formed on 



10 



FILE: 10375USF.RTF 

the active surface 202 of the wafer 200. In step S23, using the test pads 208a as test points, 
the wafer 200 (containing a plurality of non-singulated chips) is tested to produce some test 
results. In step S24, the need to cut fuse line 212 by aiming a laser beam 30 at a fuse window 
214 is determined according to the test results. In step S25, a patterned passivation layer 210 
5 is formed over the active surface 202 of the wafer 200. The passivation layer 210 fills the 
fuse windows 214 and covers the test pads 208a but exposes the flip-chip bonding pads 208. 
Finally, in step S26, bumps 220 are attached to the respective flip-chip bonding pads on the 
active surface 202 of the wafer 200. 

[0030] In the wafer level testing and bumping process of this invention, the bumps 

10 are formed on the flip-chip bonding pads on the active surface of the wafer in the very last 
step. Hence, there is no need to form a passivation layer prior to that. Without a passivation 
layer on the wafer, there is no need to re-open a hole in the passivation layer above a fuse 
window each time a particular fuse line must be cut by a laser beam. Furthermore, a plurality 
of test pads electrically connected to respective flip-chip bonding pads are formed on the 
15 active surface of the wafer to serve as testing points for testing and detecting any defects in 
the circuits within the wafer. Moreover, the test pads are formed on the peripheral section of 
the active surface. Hence, the tip of probe pins dangling from a cantilever probe card can 
make a direct contact with the test pads and perform an electrical testing to obtain test results 
for deciding whether any internal circuits need repair. 
20 [003 1] In summary, the wafer level testing and bumping process according to this 

invention has at least the following advantages: 

1 . The passivation layer and the bumps are formed over the active surface of the 
wafer after the completion of all integrated circuit repair operations. Hence, compared with a 
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convention wafer level testing and packaging process, this invention does not require the 
re-opening of the passivation layer over a fuse window to decrease the thickness above fuse 
lines. In other words, the number of processing steps and hence the production cycle time 
and the production cost are reduced. 

2. The test pads are formed on the peripheral section of the active surface of a chip. 
Since the test pads instead of the flip-chip bonding pads are used as contact points with the 
tips of probe pins dangling from a cantilever probe card for performing a wafer test, only the 
surface of the test pads may sustain some scratch marks or damages. In other words, the 
process of attaching bumps to the flip-chip bonding pads is little affected by the wafer testing 
operation. 

3. With the test pad lying in the peripheral section of the active surface, a lower cost 
cantilever probe card can be used to carry out the wafer testing operation. The bumps are 
formed on the wafer only after the wafer test is complete. 

[0032] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing from the 
scope or spirit of the invention. In view of the foregoing, it is intended that the present 
invention cover modifications and variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 
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